The discovery of translational optic flow detectors in the central complex of a bee has inspired a new model of path integration.
Path integration in insects is best known from studies on Hymenoptera such as honeybees and desert ants [1] . Once a foraging bee or ant has collected food, it travels in a direct path back to its nest, however circuitous its outward path. The direct nest-ward path, often described as a 'home-vector', is guided by path integration, a process whereby the insect maintains a cumulative record of the directions and distances that it has travelled since setting out. If the insect is experimentally displaced from the foodsite to an unfamiliar location, it still performs the same path integration home-vector, travelling the same direction and distance as if it had not been displaced. Experiments with mirrors and polarising filters have shown that the directional cues for path integration come from the sky -the position of the sun and the pattern of polarised light that it produces. Manipulations of the environment through which honeybees fly have shown that the bees assess the distance they have travelled through their experience of translational optic flow [2] . In this issue of Current Biology, Stone et al. [3] report the first anatomical and physiological characterisation of neurons that monitor this translational optic flow. These neurons, which they study in the bee Megalopta, occur in the central complex, a highly conserved central area of the insect brain that integrates multiple sensory modalities, including compass information, and is key to controlling travel direction [4] . Stone et al. [3] go on to propose a circuit within the central complex that uses these optic flow neurons to perform path integration.
The central element of a path integration system is an accumulator that encodes the home-vector and is updated as an insect travels. Because an insect's direction when following its home-vector is determined by celestial cues [1] , the accumulator is probably encoded in terms of the celestial compass. Path integration can essentially work by integrating velocity over time, but how it is implemented in the insect brain has long been a puzzle that has inspired a variety of models [5] . The process is often thought of in two components: determining travel direction (using a compass), and determining speed (using an odometer). But determining travel direction from a compass located on the head is not straight forward as insects do not always face in the direction of their travel, instead often moving sideways or even backwards. The compass measures head orientation, but not necessarily travel direction. Stone et al.'s [3] proposal can be thought of as bypassing this problem by breaking down the process in a different way: measuring velocity in head-centred coordinates (using optic flow), and then transforming that head-centred velocity into celestial compass coordinates for the integrator.
The neural basis of the celestial compass in insects is becoming well understood [6] . The pattern of polarised light produced by the sun is detected through a dorsal rim area of the retina, a narrow band of specialised photoreceptors that detect the direction of polarisation (e-vector orientation) across the sky. The information from the dorsal rim area makes its way to a set of 16 linearly arranged segments in the central complex, known as the protocerebral bridge ( Figure 1A) . Each segment has neurons that respond best to one e-vector orientation. Thus, these segments appear to act like head direction units. Each segment is most active when the insect is facing in a particular direction with respect to the polarisation pattern. The segments are ordered so that the preferred directions of adjacent segments differ by 45
, together spanning the complete range of e-vector orientations. In fact, with 16 columns, the head orientation is represented twice, once on the left and once on the right sides of the protocerebral bridge. This apparent redundancy seems to occur because, like most of the rest of the central complex, the left side appears to be involved with controlling rightward turns, and the right side with controlling leftward turns. These head direction cells are considered to be likely inputs for both path integration and directional guidance [4] .
The new findings of Stone et al. [3] show how insects can use the patterns of translational optic flow to determine their velocity, in a head-centred coordinate frame. When an animal moves in a particular direction, the images on the retina slip backwards, away from the direction of movement. The global pattern of movement across the retina -the translational optic flow -is thus characterised by image movements radiating out from a single 'point of expansion'. The retinal position of this point indicates the animal's direction of movement in head direction coordinates.
In insects, local movements on the retina are extracted in the optic lobes. Stone et al. [3] found four neurons in bilateral areas of the central complex known as the noduli ( Figure 1A Translational movement in any direction can be encoded by a unique positive combination of the activity of the two active detectors (for example, see Figure 1B ). These four detectors thus provide a minimal encoding that is both symmetric about the body axis, and that has the purely positive values ideal as input to an accumulator for path integration.
If the path integration home-vector is encoded in terms of celestial compass directions, how does the velocity given by optic flow information get converted into compass directions for the accumulator? Stone et al. [3] use the characteristics of the TN neurons, and the neuro-anatomy of the central complex to propose a model with an ingenious answer. Based as it is on the neuroanatomical details, the model is elaborate. We try here to explain what we believe to be the essential principles. On each side of the central complex, there is an accumulator, consisting of eight columns, each of which encodes the component of total travel along one of the eight celestial compass directions encoded by the protocerebral bridge. The input updating each accumulator ( Figure 1B ) depends on the firing patterns of both the compass-based protocerebral bridge cells and the two optic flow-based TN cells encoding movement on one side of the body. The TN2 cell provides a uniform excitatory input to all columns of the accumulator, with the magnitude proportional to the velocity component in the forward 45 direction from midline. This excitatory signal is modulated by the inhibitory input from the array of protocerebral bridge compass cells -a broad peak with the most excited compass cell providing the strongest inhibition. Critically, this inhibition is offset by one column, corresponding to the compass direction of the 45 axis along which the TN2's translational optic flow is measured. The greatest inhibition of TN2's excitatory signal therefore occurs in the compass direction of the 45 axis along which the velocity component is measured. Thus, as a result of this differential pattern of inhibition, the maximum accumulation from the TN2 cell occurs in the compass direction opposite to where TN2's preferred direction is pointing at that moment.
In a similar way, a second set of excitatory input is provided to the accumulator by the TN1 cellcorresponding to the component of velocity along the 135 axis. This input is also inhibited by input from the array of compass cells, but this time the offset is three columns, corresponding to compass direction of the 135 axis along which TN1 measures its component of velocity. With the inputs from two out of the four component directions of horizontal velocity, the accumulator on each side of the central complex encodes half the path integration home-vector. If one were to combine the two accumulators, then the peak firing would point in the compass direction towards the nest. The distance to the nest would be encoded by the difference in activity between the four columns directed towards the nest, and the four columns directed away.
Stone et al. [3] also consider how the path integration home-vector stored in their accumulator can provide a guiding signal for travel back to the nest. They propose that an additional set of neurons in the central complex (CPU1 neurons) compare the current compass direction of the head with the compass direction of the home-vector encoded in the accumulator, and thus determine whether to travel forwards or turn to one side or the other. If the insect's head direction is to the right of the encoded home-vector, for example, then the insect should turn leftwards. The output from the current model concentrates on rotations, as have other recent analyses of control circuits in the central complex [7] [8] [9] . But it pays less attention to controlling the direction of thrust, with which the central complex is also involved [10] . As a result, there are some situations in which guidance from path integration guidance would require additional control elements.
As with the other processes in the central complex, separate computations occur in parallel on the left and right sides. The left hand side controls turning right, and the right hand side turning left. To determine the turning signals on each side, the model again relies on the regular columnar architecture of the central complex, with the directional preferences of adjacent columns differing by 45 . To determine the strength of the rightward turning signal, the excitatory output from the accumulator (with the peak along the home-vector) is modulated by the inhibitory output from head direction units one column (45 ) to the left. On the other side, to determine the leftward turning signal, the accumulator output is inhibited by the head-direction units one column to the right. The insect will turn if the turning signals from one side are greater than those from the other. While the insect is following its home-vector back to the nest, its accumulator continues to be updated, and the new input that is added makes it ever more radially symmetric. Once there is no imbalance in the accumulator, it stops providing directional information, indicating that the nest has been reached.
In contrast to the process of path integration accumulation, which acts independently of body orientation to create the home-vector, the guidance control system proposed for using the home-vector is limited to producing movement for which the insect faces along its direction of travel. Ants, however, can follow their home-vector even when travelling backwards to drag a heavy food-item behind them [11] . The model does not account for this ability, so does it mean that the proposed control system is wrong? Backwards walking could potentially occur in a different navigational state in which modulators reverse the signs of outputs (S. Heinze, personal communication). But another way to reconcile the model with behaviour (and which could more generally allow an insect to face in any direction when following a PI home-vector) is through a mechanism that was proposed to explain how backwards facing ants can follow their retinotopically encoded visual routes [12] , and that may well be used more generally [13] . When ants follow their home-vector travelling backwards, they sporadically drop their food item briefly to peek forwards [11] . The comparison proposed by Stone et al. [3] could occur during these peeks. At the point during the peek when the left and right turn signals are balanced, the experienced compass direction can be made a set-point for a separate system that can continue to control moment-to-moment heading even after the insect turns (for instance the ring attractor network described in [7] ).
An additional element to the control structure would also be required to account for flight in a crosswind. Simply using the celestial compass to determine flight direction would result in a gradual drift downwind. Since the input to path integration uses the ground velocity, the path integration accumulator would register this drift and the trajectory would curve increasingly upwind as the nest is approached. Such curved paths, however, are not seen in the radar tracking of bumblebees. Even in strong crosswinds the bees travel straight towards their nest [14] . Maintaining such flight along the desired compass direction, preventing any drift downwind, needs an additional element of thrust directed upwind. Such compensation could potentially be achieved by an additional feedback circuit fed by the same compass-based ground velocity signal that goes into the path integration accumulator ( Figure 1B) . The mismatch between the desired compass direction and that current velocity could set the appropriate compensatory thrust vector, thus restoring the direct flight path.
The translational optic flow neurons described in the central complex may also play other roles, unconnected to path integration. One behavioural pattern observed during the learning manoeuvres of the wasp Cerceris is particularly suggestive of using the tuning of the TN2 neurons for active control. On leaving its nest, the wasp performs large sweeping arcs, alternating clockwise and counterclockwise, during which it looks back towards the nest [15] . Intriguingly, in each of these arcs, the nest position is held roughly constant on its retina at ± 45 from the midline, as though held at the position of expansion encoded by TN2 neurons, first on one side and then the other. That translational optic flow plays a more general role is also suggested by a previously described pair of neurons, in the lobula plate of a fly, that detect the very same backward horizontal flow field as the TN1 neurons [16] . That area, which is in the optic lobes rather than the central complex, also analyses rotational optic flow and is thought to be intimately involved in the flies' flight control system. Much still remains to be learnt about the various roles that the translational optic flow neurons play in the remarkable spatial abilities of insects.
A new study of ancient mitochondrial DNA from Newfoundland and Labrador indicates that this region at the northeastern margin of North America was populated three times in succession by different indigenous groups. This research helps shed light on the movement of populations across the continent, following the initial peopling of the Americas.
It is not a controversial statement these days to say that ancient DNA has emerged as one of the most significant tools in transforming our understanding of human evolution and prehistory [1, 2] . In particular, ancient DNA studies from populations worldwide have revealed an extensive range of outcomes when peoples from two different groups come into contact with one another, including genetic admixture and cultural integration, adoption of culture and language without genetic admixture, and complete population replacement. One important lesson from ancient DNA research, particularly in recent years, has been that we can't necessarily make assumptions about biological outcomes from patterns of cultural change in the archaeological record [3] . In this issue of Current Biology, Duggan et al. ' s new study, Genetic discontinuity between the Maritime Archaic and Beothuk populations in Newfoundland, Canada [4] , investigates this question with regard to the ancient occupation history of Newfoundland and Labrador.
To understand the importance of this study, it's necessary to put it into the context of what is currently known about the genetic histories of indigenous American populations. It was once thought that the early prehistory of the Americas was a relatively straightforward scenario, from which we could derive useful lessons for interpreting more intricate migration histories elsewhere in the world. The simplistic story that many of us learned in school -Clovis mammoth hunters crossing the Bering land bridge and racing through an ice-free corridor to populate North and then South Americahas been discarded in favor of significantly more complex models based on findings from ancient and contemporary genomics research [5, 6] . Studies of uniparental, non-recombining loci such as maternally inherited mitochondrial genomes and paternally inherited Y-chromosomes, as well as genome-wide autosomal markers, have revealed a shared common ancestry of both ancient and contemporary Native American populations [6] . The indigenous peoples of the Americas derive their
